North Fork Tieton-Biver (head of Tieton River) below Clear Creek, near Naches •••. •.
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Page Syllabus of gaging-station records--Cont.
Gaging-station records--Continued. ' Yakima River--Continued. Naches River--Continued. Tieton River at Tieton Dam, near Naches • Studies of the water supply for a project utilizing surface water are based primarily on streamflow data obtained by operating gaging stations. Project design requires an estimate of the probable future water supply that may reasonably be expected during the life of the project. This-can be achieved only through a study of records of past streamflow or other hydrologic events. Records covering a period of many years are necessary to evaluate ade~ quately the effect of vagaries of the weather and to determine the safe yield dUring drought periods. If' during the period of operation of a gaging station, man-made structures have altered the normal regimen of the stream or utilized consumptively a portion of the water supply, the effects of these changes must be considered in analyzing the data to determine the possible future supply.
River discharge determined by gaging stations represents, in each instance, the actual discharge at that particular point. In a basin where natural runoff prevails, these records de.pict the surface-water yield of the basin at that point. Such records are of great value to the hydrologist or designing engineer, as they are a direct measure of the yield of the drainage basin. When the use of upstream water diverts and depletes the water supply, .discharge records no longer serve as a measure of the yield of the basin unless appropriate adjustments are made. If the point of proposed diversion for future use is remote from the gaging station, it is even more important to have complete knowledge of these factors.
The primary purpose of this report is to evaluate each streamflow record in terms of the factors that influence or alter the flow of the Yakima River and tributaries at the gaging station locations. Such factors include diversions, bypass channels carrying water around the gaging stations, consumptive use, regulation by storage, and other factors that alter the natural regimen of the,stream or the discharge record obtained at the gaging station.
The scope of this report is confined to indexing facts and material needed for the quantitative evaluation of the surface-water resources. Emphasis is on the factors influencing the runoff regimen and the gaging-station records without attempting a quantitative determination of their effect. For example, diversions are identified by name, location, approximate size, time of occurrence, purpose, and sources of information concerning their use. These data are basic to quantitative water-supply studies and to the evaluation of the resources of the basin. One of the more important items of this information is the reference to the sources of data.
In addition to presenting information for the evaluation of factors influencing basin yield, some attention is given to evaluating the adequac~ of the streamflow records, themselves, in time and distribution. This includes: bar graphs picturing the length and distribution of discharge records, maps showing areal distribution of stations and the relative length of records, tables showing stream depletion data, and tables of reservoir storage potentials.
The western section of the basin is bounded by Wenatchee Basin on the north and Klickitat Basin on the south. The remainder of the adjacent drainage on the east side of the divide is directly tributary to the Columbia River through small intermittent channels.
The Yakima River heads in a section of the Cascade Range in the vicinity of Snoqualmie Pass, where the water collects from numerous small tributaries into Keechelus Lake, which lies at an elevation of 2,454 ft. The river follows a general southeasterly course from Keechelus Lake for approximately 180 river miles to its confluence with the Columbia River near the southern boundary of the State, 12 miles above the mouth of the Snake River.
Altitudes in the Yakima Basin range from 8,200 ft at Goat Rocks to 320 ft at the mouth of the river. At the northern and southern limits of the Cascade divide, where the general e~evation of the ridges is about 8,000 ft, glaciers· are present along the slopes; however in the central section, where altitudes rarely exceed 5,500 ft, glacial action has ceased. Meltwater from a large glacier covering the slopes of Goat Rocks and adjacent peaks is effective in maintaining runoff in the NacHes Basin during the late irrigation season.
Winding down the rugged slopes of the Cascade Range and through the adjoining foothills, the Yakima River cuts across a number of broad, synclinal valleys and anticlinal ridges. These valleys range from 1 to 12 miles in width and contain most of the cultivated area in the basin.
The higher parts of the drainage area are heavily forested below the timber line with yellow pine, fir, hemlock, and cedar. The timber extending along the slopes of the divide is displaced by scrubby pine on the rolling lowlands and merges into the characteristic sagebrush of. the Wapato-Sunnyside Valley. Owing to the small amount of precipitation, the lower reaches of the basin lying below the mountainous section produce little natural vegetation except sagebrush.
The soils of the lower valleys are mainly light sandy loams, fertile, and well-adapted. to most temperate-climate crops when irrigation water is available. Fruit growing is an especially productive and profitable enterprise. The central and lower portions of the basin are underlain with coarse gravel, which permits a high rate of subsurface flow, making it difficult to transport irrigation water effectively in unlined. ditches and. canals.
The climate of the Yakima River basin is varied. From the high mountain altitudes to the lower valleys there is a notable range in temperatures with extremes of -32° and 114° noted. Precipitation also varies greatly over the basin; at Snoqualmie Pass annual precipitation may be as much as 100 in., while in the arid lowlands as little as 6.5 in. (at Wapato) has been recorded. The large variation is caused by orographic influences and the prevailing westerly winds. Moisture-laden air from the Pacific, cooled. by forced ascent over the Cascade Mountains, drops most of its moisture on the western slopes and near the summit on the eastern slopes. During descent on the eastern side the air is warmed by increasing pressure at lower levels and its capacity for moisture greatly increased, thus favoring clear skies and scant precipitation. The whole basin is in the rain shadow of the Cascades and. precipitation is caused by cyclonic or convectional storms. Summers are hot and dry and winters relatively cold and wet, although the nearby Pacific Coast moderates winter temperatures somewhat.
There is no main storm path, although the greatest storms come from the northwest. Other storms come from the northeast, southwest, and the west and often cause complex precipitation patterns in various parts of the basin, owing to the "shadows" of Mt. Adams, Mt. Rainier, and Mt. Baker.
Streams in the Yakima Basin, especially those in the northwest section, combine certain characteristics of coastal streams of the Pacific Northwest with those of streams farther inland. Following the pattern of inland rivers, the greatest flood incidence is in May and June when the snow is melting rapidly at the higher altitudes; but, like the rivers on the western slopes of the Cascades, floods in the fall and winter months are common. These are the rain type and characteristically have high peak flows of short duration; however the danger from both types of flood. has been materially lessened in the last 40 yr by the storage reservoirs.
The average annual runoff in the basin varies greatly between the headwaters and the mouth. From a maximum of 60 in., high in the Cascades, the runoff drops to a minimum of less than 1 in. in the downstream or eastern part of the wate~ shed. Most of the water available for irrigation originates in the upper reaches of the watershed..
UTILIZATION OF WATER IN THt BASIN
Irrigation is by far the largest use of water in the Yakima River basin. The Yakima Project is the largest block of irrigated. land. in the State except for the Columbia Basin Project now under development. In 1946, a total of 439,000 acres were under irrigation in the basin. Consumptive use by irrigation increased from 5 pe~ cent of the average flow at Kiona in 1900 to about 39 percent in 1945. Irrigation in the basin is shown in the small map, figure 1.
Industrial development in the basin is of minor importance from a standpoint of water use because of the adaptability of the area to agriculture; consequently, the density of population is relatively low and there are only a few cities of modest population. A relatively small amount of water is consumed by these municipalities (table 1) . Of growing importance is the use of water in this basin by the fruit and vegetable processing industry, essentially a nonconsumptive use. Demands of this industry are large but of short duration--only a few weeks at the end of each growing season.
Some of the earliest irrigation in the Northwest occurred in the Yakima Basin. Settlement by white men occurred as early as 1852, when a Roman Catholic mission was established on Ahtanum Creek. Although it has been questioned that the mission founders practiced irrigation, it is well established that they farmed successfully. If the missionaries did not use supplemental water for their crops, then, perhaps, the first verifiable irrigation by white men in Yakima Valley was that reported by Mr. A. J. Splawn of North Yakima. Mr. Splawn has stated (Libby, A. c., 1913 , report on the hydrographic survey of the Yakima River watershed, unpublished, report in files of U. S. Bur. of Reclamation, Yakima, Wash.) that in the year 1864 he saw a garden upstream from the Catholic mission on Ahtanum Creek which was irrigated by a ditch diverting from that stream.
The strong westward migration after the War Between the States stimulated by completion of the transcontinental railroad, brought many settlers into the Pacific Northwest. The growth in population in the Yakima Valley during the latter part of the last century was steady and vigorous. Concurrent with the land settlement was the use of supplemental water for farming. The introductiun of money-making crops gave a strong impetus to the irrigation development, and private enterprise was very active during the period on expanding irrigation facilities and promoting new projects. The greatest increase carne immediately after the construction of the Kittitas High Line Canal in 1930 which now irrigates 52,000 acres. The remainder of the area is served by numerous small ditches, the Cascade and the Ellensburg Water Co. canals, all diverting from the Yakima River. The Ellensburg power canal diverts about 700 cfs in the vicinity of Ellensburg which is returned a short distance below point of diversion. There is no storage in this area.
In the basin above the gaging station on Naches River below Tieton River near Naches, only a few hundred acres of land are irrigated at present. The Tieton, Selah Valley (NachesSelah), and Wapatox Power Canals divert water from the area for use downstream •. Tieton Reservoir and Bumping ~ake with a total capacity of 180,000 acre-ft store water for irrigation of lands in the vicinity of Selah and Naches Heights. The Tieton Canal was built in 1910, and the Tieton Reservoir was completed in 1925.
The "Upper Yakima Valley" lies between the gaging stations on Yakima River at Umtanurn and Naches River below Tieton River near Naches and the gaging station on Yakima River near Parker. Irrigated area in this section has increased from 21,500 acres in 1900 to 93,870 acres in 1946, as Collection of streamflow data began in the Yakima Basin in 1893 when stream gaging stations were established on the Naches River near its mouth and on the Yakima River at Union Gap. Three years later a station was established on the Yakima River at Kiona, which is still in operation today, although the record has not been continuous. 
Storage Reservoirs
There are five major and two minor reservoirs in the Yakima River basin. The major reservoirs, Keechelus, Kachees, Cle Elum, Tieton, and Bumping, together have sufficient capacity to store 62 percent of the average annual runoff of the tributary areas. Table 4 shows the location, capacity, purpose, and other pertinent data regarding these reservoirs.
Adequate records of water-surface elevations and operations of these reservoirs have been maintained since operations began. Such data are published by the U. S. Geological Survey, or available in the files or reports of the U. S. Bureau of Reclamation.
Adequacy of Data
The Yakima River basin is the most intensively studied basin in the State of Washington in respect to its surface-water resources. Collection of data cooperatively and individually since the 1890's has been undertaken by the U. S. Geological Survey, the State of Washington, the U. S. Bureau of Reclamation, and the U. S. Bureau of Indian Affairs.
The original gaging station network was intended primarily to provide data for the design of the early irrigation projects of the Federal Government. As these irrigation projects were completed or the design definitely established,·many of these stations were discontinued; others were retained primarily for purposes· of operation of the existing projects. A few stations having long periods provide a measure of the runoff from areas that have remained substantially undeveloped, and consequently the records provide a measure of the fluctuations of the natural yield over a period of many years. An example is Yakima River at Cle Elum, with 45 yr of record, abov~ which consumptive use of water has been ve~ slight.
In combination with records of diversion for Kittitas Highline Canal, the records represent substantially natural yield.
A graphic picture of the network of gaging stations in the basin together with a measure of the period of record of each station is shown in figure 2 .
At some of the long-term gaging stations, progressive utilization has resulted ·in substantial consumptive use upstream, large diversions and bypass channels, and underground return flow at points often remote from the point of use. These factors have resulted in the streamflow records not being comparable during the period of operation and not representative of the total flow of the river at that point. Studies to determine the adequacy of water supply available for additional development require adjustment of past streamflow records· for these factors. Data regarding these factors often are not available, particularly for early years.
Apparently there has been little coordinated effort to collect and preserve data regarding factors affecting the gaging-station record in a form available to the public. Although complete records of diversions and irrigatedarea are commonly available for federal projects and organized irrigation companies, such information often is lacking for private projects. Little is known of the movement of ground water in the valley areas, or the reaches of river where an interchange of ground and surface water may occur. Irrigation districts sometimes discard their records after many years on the assumption that such records are no longer of value. Records of utilization other tpan irrigation frequently are not available and the need for them not recognized until a water shortage or legal controversy occurs. The paucity of such data has been brought out in this investigation.
Except -for deficiencies in the type of data noted above, much of which is closely related to the present gaging-station network, the stream-gaging program is considered fairly · adequate for present requirements. Additional expansion of irrigation or other projects for water use, however, may nec~ssitate the development of tributary streams, many of which are now ungaged.
A summary of the status of each gaging-station record in the basin with respect to the natural yield at that point is shown in table 5. • - Sec. 24, T. 9 N., Yakima, 1915-33 unpublished (fragmentary); 1906 -15, 1933 published by Geological Survey. -1922-33. 1912-50 1909-50 1913-50 Bureau of Indian Affairs 1/ No consistent operating plan is used in the storage of water by the reservoir. The rate at which the r~servoir is filled depends upon data from snow surveys, amount of early runoff, etc., and time to·achieve maximum storage at the end of the high runoff period, which usually occurs during June. Flood control is practiced when needed insofar as it does not interfere with the primary purpose of storing water for irrigational uses. Regulation and storage by Keechelus Lake.
Stream-gaging stations
· 0 0 0 0 0 0 0 0\ 0 ~ C"' ~ -.::ft U'l co 0\ 0\ 0\ 0\ 0\ 0\ ~ ~ ~ ~ ~ ~ ~R. 19 E. 1937-50 -----do------- Do. 1924 -----do------- Do. (incomplete) . Irrigation -----do------- Do. season of 1924. 1915-33 -----do-------Bureau of Reclamation Office,1925-27 -----do-------Bureau of Reclamation office, Yakima. Un- published. 1922-23 -----do------- Irrigation -----do------- seasons of 1912-14. Irrigation -----do------- seasons of 1912-14.
1911-15 and -----do------
None of consequence.
Regulation and storage by Kachess Lake.
Storage and regulation by two reservoirs; one major diversion.
Regulation and depletion by Cle Elum Lake.
Storage and regulation by three reservoirs; one major and several small diversions.
Numerous small diversions; ground-water bypass flow.
Do.
Numerous small diversions.
One diversion.
Numerous small diversions; considerable groundwater return flow in area.
Storage and regulation by three reservoirs; seven major and many minor diversions.
Storage and regulation by Wenas Reservoir; Numerous small diversions; ground-water bypass flow.
Storage and regulation by three major reservoirs; nine major and many minor diversions.
Regulation and storage by Bumping Lake.
Regulation and storage of one reservoir; diversion of two small ditches.
Regulation and storage of one reservoir; diversion of numerous small ditches; groundwater bypass flow.
None of consequence, except for infrequent storage and. regulation of Clear Creek Reservoir.
Storage and regulation of one major reservoir (Tieton).
Storage and regulation of one major reservoir; one major diversion.
Storage and regulation of one major reservoir; one major and several small diversions; considerable ~round-water bypass flow.
Storage and regulation by two major reservoirs; three major diversions, all bypassing station, and several minor diversions; ground-water bypass flow.
Storage and regulation by two major reservoirs; seven major and many minor diversions; groundwater bypass flow. 
SYLLABUS OF GAGING STATION RECORDS Explanation of Data
The data presented in the following pages apply to the physical and hydrologic setting at and above the gaging stations. Location, records available, and bypass channels refer to the gaging station and the records of discharge at that site. Data on diversions, return flow, and utilization refer to the area between that gaging station and. the next gaging station upstream. Drainage area refers to all above the station site.
Gaging stations on the stream are presented in downstream order from headwater to mouth, with stations on tributaries to that stream being inserted in the order in which the tributaries enter that stream. Diversions and return flows are listed in the same downstream order. The relative rank of the tributaries is indicated. in the table of contents by indention.
The "location" paragraph shows the location of the gaging station with respect to latitude and longitude or to land. subdivisions, as well as with respect to the nearest town or prominent feature of the stream.
Upstream regulation and depletion None of consequence.
Two minor diversions.
Several minor diversions; considerable groundwater bypass flow.
Numerous minor diversions.
Many minor diversions; considerable groundwater bypass flow.
Storage and regulation by five major reservoirs; many diversions.
Do.
Several minor diversions; minor ground-water bypass flow.
Numerous diversions.
Numerous diversions; ground-water bypass flow.
Several diversions; ground-water bypass flow.
Storage and regulation by five major reservoirs; many diversions. Do.
Do.
11 Drainage area 11 refers to the entire drainage area above the ga~ing station. Where this information is not available the paragraph has been omitted. "Records available 11 indicates the term for which discharge records are known to be available. Unless another source is shown, these records are published by the Geological Survey in its series of annual Water-Supply Papers (see p. 6 ) · 11 Bypass channels 11 are those carrying surface flow which bypasses the gaging station and which, therefore, is not measured at the station and may or may not be included. in the station record.. In this report most such channels are canals or ditches that carry water past the station, or past several stations in succession, for use downstream. Any unusual circumstances in connection with the bypass flow are explained. At cert~in stations the flow of the canal is, or can be, added to that of the gaging station to give the total surface flow at that site; however, for most bypassing canals a certain part of the water originally diverted is used upstream or lost through seepage and the amount actually bypassing the station is less than that diverted. 11 is given as an approximation of the quantities of water involved. From necessity most such values are estimates. If a reliable estimate is not possible, the amount of the water right is given, even though this amount may not always be equal to the amount used. When dates of establishment of canals and ditches are not available, an approximation is made with relation to the establishment of the gaging station. Although the capacities of ditches and canals are not given, some indication as to size rna~ be obtained from the 11 maximum recorded flow', which has been included where available. The purpose of the diversion is usually shqwn. Diversions for irrigation usually occur only during the irrigation season, generally from April through September. During the remainder of the year there may be little or no water used for this purpose.
11 Return flow 11 refers to water returning to the stream from irrigated tracts, by over-land flow within the area indicated. Location of wasteways, their approximate flow, and source of the flow are listed if known. Some large amounts of subsurface flow are mentioned, although data in this report usually are confined to surface conditons. "Storage and regulation 11 refers to operation of reservoirs or other structures that affect the normal regimen of flow at the particular gaging station. So considered, r·egulation is the alternate storage and release of water, excluding withdrawals by diversion from the stream channel. Regulation at the station also may be caused by structures in areas above successive upstream gaging stations, but such regulation is mentioned only in the records of the gaging station immediately below the structure. "Utili:<:ation" is the use of water in the area indicated, regardless of the ultimate source of that water. Changes in utilization from its beginning to the present are given if known.
Gaging-Station Records Bypass channels.--Spillway from Keechelus Lake bypasses gage. Discharge is computed by weir formula and added to flow measured at gaging station to obtain total flow released from lake.
Diversions.--None.
Return flow.--None. Bypass channela.--None.
Return flQw.--None.
Storage and regulation.--None.
Utilization.--None.
6.--Cle Elum River near Roslyn, Wash.
Location. Bypass channels.--None.
Return flow.--None.
Storage and regulation.--The development of a few hundred acre-ft of storage in Manastash Lake was attempted prior to 1915, but the project was found impractical and abandoned after 2 or 3 seasons (according to oral report from George Meek, Kittitas County Watermaster).
13. Mill burned in 1949, not rebuilt.
----do----Discharge records 1904, 8 ).
Return flow.--Some ground water seepage from irrigated land upstream.
Storage and regulation.--None, except as noted for stations upstream.
Utilization.--Water diverted to irrigate about 785 acres above station. 21.--North Fork Tieton River below Clear Creek, near Naches, Wash.
Location.--Staff gage, in SEt sec. 12, T. 15 N. , R. 12 E. , a quarter of a mile below Clear Creek, 7 miles above South Fork, and 50 miles southwest of Naches.
Drainage area.--61 sq mi.
Records available.--May to October 1914, July to September 1915.
Bypass channels.--None.
Stora~e and re,ulation.--From July 1915 until 19 5 1'1ow s ightly controlled by regulation in Clear Creek Reservoir; use of reservoir discontinued subsequently except for occasional dry periods.
Utilization.--None. table 4 ). Water-Supply Papers give monthly flow adjusted for change in contents of the lake, as a measure of natural water yield.
23.--Tieton River at headworks of Tieton Cana~ near Naches, Wash. Storage and regulation.--None, except as noted for station upstream.
24.--Tieton River at Cobb's ranch, near Naches, Wash.
Loeation.--Staff or chain gages in the SEt sec.
3, T. 14 N., R. Utilization.--Irrigation of about 220 acres on Tieton River above station. R. 17 E. 1905. 1908-11, 1924-50, 
Primarily irrigation
Daily discharge records 1904-5, 1910-15, 1923-50, in Irrigation Daily discharge records 1904-5, 1910-15, 1923-50, in Utilization.--An estimated 6,700 acres are irrigated at present, according to data supplied by Bureau of Reclamation. This acreage is comparable with that irrigated when the station was discontinued. NEi-NEi-sec. 19 ,· T. 9 N., R. 22 E.
9 11
~--All information obtained from files of Bureau of Indian Affairs, Wapato. 1904 -5, 1910 -14, 1923 -50, and for Richland Canal, 1905 -14, 1923 
